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rin and α-catenin could affect LGN-mInsc distribution
and spindle orientation remain to be investigated.
A final question that remains is whether similar asym-
metric cell divisions are involved in stratification in ma-
ture epidermis. Lechler and Fuchs suggest that this is
the case based on their observations that the majority
of cell divisions are perpendicular in mature epidermis
(85%) (Lechler and Fuchs, 2005). However, perpendicu-
lar cell divisions were found to be rare in adult epider-
mis (6%) in the previous study by Smart (Smart, 1970).
The reason for this discrepancy is unclear. However, it
should be noted that asymmetric cell division, defined
as a cell division resulting in two daughter cells with
different fates, could still occur in laterally dividing
cells. In mature epidermis, it is well-accepted that epi-
dermal stem cells give rise to transit amplifying (TA)
cells through asymmetric cell division. These TA cells
undergo a few rounds of cell division before perma-
nently exiting from the cell cycle and initiating terminal
differentiation. While it is possible that TA cells exclu-
sively undergo symmetric cell divisions, giving rise to
either two TA cells or two postmitotic cells, TA cells
may also undergo asymmetric cell division to give rise
to one daughter TA cell and one postmitotic cell (Pot-
ten, 2004), and this could occur laterally (Figure 2). Re-
gardless of whether these divisions occur laterally or
mInsc in adult epidermis suggests that a similar pro-
cess controls asymmetric cell divisions in both de-
veloping and mature epidermis.
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Maturation by Rab Conversion
Is endocytosed cargo transported by vesicular inter-
mediates between early and late endosomes, or does
an endosome mature while its cargo remains in place?
Current work suggests that the latter takes place
within the endosomal system via a process termed
Rab conversion.
Rabs are small GTP binding proteins that control the
identity of intracellular organelles and orchestrate
membrane trafficking and protein sorting in cells from
yeast to man (Pereira-Leal and Seabra, 2001; Zerial and
McBride, 2001; Pfeffer 2005). Rabs are distinct from
Ras, but they are Ras sized and share its molecular
ON-OFF switch features based on GTP and GDP bound
conformations. The human genome encodes circa 70
Rabs (Pfeffer, 2005), including the bona-fide members
with the C-terminal prenylation motifs important for
Rab-membrane insertion (Seabra and Wasmeier, 2004)
and a small number of Rab-like proteins lacking this
particular signature.
One of the busiest and logistically most demanding
organellar compartments is the endosomal pathway,
represented by dynamic and morphologically diverse
vesicular and tubular profiles that accurately collect, re-
ceive, and dispatch cargo and membrane from the cell
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Rurface to various parts of the cell. In a recent issue of
ell, Zerial and colleagues (Rink et al., 2005) shed new
ight on thus far the best studied Rabs, Rab5 and Rab7,
hich control trafficking processes within the endoso-
al pathway. Rab5 is involved in receptor mediated
ndocytosis, formation of clathrin-coated vesicles car-
ying endocytosed material, and melding of such vesi-
les with the early, sorting endosome in a series of het-
rotypic and homotypic fusion events. Within the
orting endosome, which is best viewed as a function-
lly defined entity but morphologically ephemeral traf-
icking station, the endocytosed cargo and receptors
re sorted for degradation or reuse in various parts of
he cell. How do Rabs accomplish such tasks in an en-
ironment that looks busier and to an untrained eye,
ore chaotic than the New York Stock Exchange? The
rticle from Marino Zerial’s group gives us, with mathe-
atical precision, a visually stunning view of how Rabs
o about this daunting task.
Although prior functional studies of how Rabs regu-
ate their effectors have yielded significant insight into
he molecular hierarchy that regulates discrete traffick-
ng events, Zerial and colleagues in their present study
ose a new type of question. Previous work has distin-
uished contiguous but distinct Rab5, Rab4, and
ab11 membrane domains within the sorting endo-
ome (Zerial and McBride, 2001) and, in a similar ar-
angement, Rab7 and Rab9 domains within the late
ndosomal organelles (Barbero et al., 2002). Rab4 and
ab11 control recycling from the sorting endosome,
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447whereas Rab9 acts as their late endosomal equivalent,
ensuring that receptors for lysosomal hydrolase are re-
cycled back to the trans-Golgi network for eventual re-
use. Although segregation of recycling components
can be viewed, with near certainty, as partitioning and
sequential handover of molecules through a membrane
continuum parceled into domains marked by appropri-
ate Rabs, until physically separated by fission, it is un-
clear at present how anterograde sorting of cargo from
early to late endosomes happens. Does it occur via
transport intermediates ferrying cargo between other-
wise stable Rab5 and Rab7 organelles, which them-
selves in the process retain their original identity along
with their marquee Rabs? Or alternatively, can it hap-
pen by a bulk change of the whole Rab5 endosome
into a Rab7 late endosome, once Rab4 and Rab11 have
pinched off those molecules destined for recycling?
The experimental answer, provided by Rink et al., is
that there is an abrupt change of a Rab5 endosome
into a Rab7 endosome. This happens by a nearly syn-
chronous and rapid removal of Rab5. Rab5 may be ex-
tracted from membranes by the action of GDI, which
binds to Rabs in their OFF, GDP bound form. In coordi-
nation with the Rab5 departure, Rab7 supplants it on
the entire endosomal organelle. This process requires
Rab5-dependent recruitment of a Rab7 nucleotide ex-
change factor (hVPS39/Vam6) contained within the pre-
viously defined Rab7-interacting Vps/HOPS complex.
Rab5-to-Rab7 conversion can be slowed down upon
hVPS39 knockdown with siRNA, affording the observer
a view of the Rab conversion in slow motion. Even then,
the cargo destined for degradation does not depart
early endosome in increments (e.g., via small vesicles)
but remains trapped in the Rab5 endosome until the
slow replacement with Rab7 eventually takes place.
Not only does this study describe an interesting phe-
nomenon, it also provides a mechanistic basis for it.
According to authors’ arguments, the study also recon-
ciles two competing models: one of gradual endosome
maturation and the other based on endosomal carrier
vesicles between the early and late endosomal organ-
elles. The authors suggest that a sorting endosome un-
dergoing Rab conversion simply fits both models. The
endosomal Rab conversion nevertheless opens many
new questions. What signals determine that an endo-
some is ready to receive Rab7 and shed off in a syn-
chronous fashion all of its Rab5? Although Rab5 re-
moval can be envisioned by a Rab7-dependent GAP
activity, as suggested by the authors, what type of sig-
nal triggers massive recruitment of Rab7 (presumably
via Vps/COGS) in the first place? The study tacitly im-
plies but does not explicitly state that vesicle size,
cargo concentration, or organelle location in the cell
(perinuclear versus periphery) may be involved. An
earlier study has also suggested that lumenal pH of the
endosome could play a role, an issue that probably
needs to be taken into account (Aniento et al., 1996).
Furthermore, endosomes undergo complicated mem-
brane remodeling with invaginations and formation of
lumenal vesicles, which sequester membrane constitu-
ents away from their cytosolic contacts during the gen-
eration of multivesicular bodies (Gruenberg and Sten-
mark, 2004). Perhaps such changes could contributecues or terminate negative signals, a possibility that
can be experimentally tested.
A role for GDI has been suggested in the process of
Rab conversion, and although its participation is almost
certain, it remains to be demonstrated. In any event,
Rab5 GTP hydrolysis and Rab plucking by GDI cannot
alone trigger conversion because Rab5 is cyclically de-
livered to and removed from early endosomes at all
times, creating waves of waxing and waning Rab5
levels akin to the waves of one of the downstream
products of Rab5 effector activity, phosphatidylinositol
3-phosphate, seen on other organelles (Chua and De-
retic, 2004). Nevertheless, experiments with EGF as a
cargo, which may skew Rab5 toward GTP bound state,
suggest that GTP occupancy could play a role in con-
trolling the half-life of Rab5 early endosomes. One
could also envision that Rab5 engagement in interac-
tions with Rab4 and Rab11 via bifunctional effectors
on the same membrane could keep sending inhibitory
signals that an endosome is not ready to move on to
the Rab7 stage.
The big-picture question posited by the Zerial group
resembles to an extent the debate that currently rages
regarding Golgi maturation. The Golgi apparatus, which
is the morphological centerpiece of the biosynthetic
pathway, is a multitiered organelle of the secretory
pathway, consisting of cis-, medial-, and trans-cister-
nae, representing morphologically distinct, ordered
segments in which secretory cargo undergoes sequen-
tial modifications by glycosylation and other types of
processing. The classical view of cargo movement from
cis- to medial- to trans-cisternae by vesicular transport
is presently being challenged by the model of cisternal
maturation (Bonfanti et al., 1998), whereby a Golgi cis-
terna as a whole graduates to the next level supplant-
ing the upper classmen cisterna (e.g., from cis to me-
dial, etc.). Thus, the endosomal system joins the
question de jour of whether morphologically and func-
tionally defined segments of sorting organelles at some
point undergo maturation as a whole, moving more or
less as a unit to the next level, as opposed to the cargo
transit by vesicular and tubular transport between the
two stable compartments that retain their main identity
at all times. What Zerial group’s paper brings to this
topic is a mechanism for synchronous change of organ-
elle’s character by the Rab conversion process. The
concept of organellar quantum leaps has never looked
better as it now comes complete with a molecular
mechanism. A guarded optimism is in order, however,
because it remains to be seen whether or not this prin-
ciple, in some shape or form, is applicable to other or-
ganelles.
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